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5. Detailed Plan of Procedure (l)se reverse’side if additional spaced? needed): 


C gISln o< wr > gff l& * ~Csrtaln azo dyes, when fed to rate or mice, produce hepatomas. These ' 
same dyes have hesn. ( fouod.to combine with certain proteiri* of the i£ver, f jSa'ttxl no ’ 
por organs other than the liver, have been found to be slctllarly sf- ■ - 
fected by these particular dyes. , 7-- : : : ^n 

- %, 'AM* ''acfiwt a m x the war 

rT i^?Apperentl y , tho.dyss combine ftetabollcaily with i^W^^tsin^rscUim^? 
of.,the liver, end the liver tuaors produced by the dye contain neither the dve nor ’ 
jhA.j?roteln fraction which in normal liver binds the dye. 1 ' 


U') 


<^.1-At* **■}*: 


. fraction involved thut 'appearo'aa s Specific target ih the . . 

process of carcinogenesis. This concept is strongly supported by the observation* L.t 
of deficiencies of the same type of protein fraction in unrelated malignant tv«ors t 
produced^by different means in different organs of different species. In other 
words, while the carcinogonic action of aminoszo dyes seems limited to the livers 
of rats and mice, and thus is specific, the protein fraction which they attack may 
be of broad significance in the conversion of a normal call into a malignant one. 


We have isolated this presumably important protein fraction, in the ex- 
pectaticn that chemical and biological study of the protein-entities involved will 
shed light on the basic mechanisms by which.exogenous agentsproduce cancer .‘If— ' 
Proteins are representative of specif icUrget*'in carcinogenesis, they* 
may likewise be involved in the presumptive carcinogenic action of certain fractions 
or tobacco sjsokOs 
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7 Anticipated Duration of Work: The work ia part of a long tarn scientific project operating 
on a yearly fiscal 1 basis; 1 * The present application represents our request for 
support during the period October 1, 1955 to September 30, 1956. 

8 Facilities and Staff Availably y,^., 

v, ■ (a)' Facilities* One analytical—preparative Spinco ultracentri¬ 

fuge j one Klett Tlsellus apparatus! one K Perkin—Elmer Tlselius apparatus* two walk-in 
cold, rooms* one dark rood* three laboratory rooms* two air-conditioned animal rooms* 

"two preparative pacroelectrophoresis" cells* one electrophoresis convection apparatus* ; .e 
high speed centrifuges, ’ BSckman DU and D& spectrophotometexa, etc* 

, / iaWni4w^ Jri t f-Jfp 

:»‘ 1 (b) Staff* Our research unit consists of* 

,principal Investigator* Saa Sorof, Ph*D. (University of Wisconsin, 1949)* 
f ?’2* Research'Assistant (fuil tine)* Dorothy E. Vogt. M.S* (Purdue University, 1955)* 

' 3* ^Research Assistant- (full time)* ’Emily M*»YoUng; B.S* (University 

•* of VettaonV 1950)* 

4* Laboratory Helper (half time)* Arthur Nelson - 

In addition, at this Institute, specialists in many biological and chemical desciplines 
are available for consultations and possible assistance* The Institute maintains 
breeding colonies of rats and a number of highly inbred mouse strains, various ascites 
tumors, excellent library, stock rooms, well equipped machine and repair shops with 
trained specialists* #9 - Additional Requirements - NONE 

j; LIp.j^dditionaLjnfpfmalion^JJincluding-xoI&tion^ o^workjjo.other^pjoi»c|s ( ^q.djj}h«f sources of supply); - , v .v. J : b 

’ •'(a)r; Ceheral i to rsts pr csic^, 

P : v^u The abow Outlined project represent* the principal research<effort of .our. 
^\mif. ^ All work don# by thia group la directly involved in this \md*rtaking* : y ^f 

ty t^Rae psrCvuf»ar tfvt-s* : . 

The funds requested in this application represent the only provision for this 
project within‘the over-all Institutional budget, with the exception,of the salaryn 
principal invastigatori^** :vr»« sW.Mi by iv*’ +■#* 

«***a itver tew* *» '**« ' , 

; (**) / r / , V 

'A numbs# of aoinbazo dyes have been found to produce specifically primary 
M^netfaf of the liVers of rats and mice* £ All other .tested species and organs have been 
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10, Additional Information (including relation of work to other projects and 
other sourcaa of supply)i 

b) SsSjU&i&S. (continued) 

Drs, James A* and Elizabeth C. Miller of the University of Wisconsin 
have shown (1,2) that unknown derivatives of these ingested azo dyes uMte 
only with liver proteins of the above species only. Furthermore, the more 
potent the carcinogen fed, the faster the accumulation of these protein- 
bound azo dyes in the liver* This combination of carcinogen with liver protein 
is a very firm one which can only be broken by complete degradation of the 
liver proteins, and thus far has only been formed by the intact animal* Jq 
vitro attempts to duplicate this combination have resulted in very weak attach- 
« merits between proteins and azo dyes which can be easily split with various 

; organic solvents* The Millers have reported that about 55 per cent of the 
protein-bound dyes are associated with the "soluble” proteins, as isolated 
by the present aqueous cytochemlcal techniques* These investogators also 
demonstrated tha important fact that the azo-dve-lnduced liver tumor lacks 
these protein-bound carcinogens * This lack appears to be the result of the 
absence of such binding proteins, qsjt or an inability to proteln-bind 
v; azo dyes, since free azo dyes, unccmblned with proteins, are present in 

these liver tumors* The Millers hypothesized that the jjj vivo formed deriva¬ 
tives of these azo dyes combine with certain proteins (enzymes) which are 
necessary for the control of the growth, but not for the life of liver cells* 

These proteins ars thereby inactivated. Zn addition, these proteins are 
• .j autosynthetic, ft i.e*, they control the mechanism of their own protein repro- 
Vr ductlon* Hence, with each generation of liver cells there is less of these 
. 'tf'i I;• .^active growth-controlling enzymes. Eventually, a liver cell appears with 
’ ‘ less than the critical amount of these proteins, and as a consequence a 

t series of irreversible, genetic reactions occur which result In the forma- 

v. v- ' i tion of the liver tumor ceil* 

, Our findings, begun at the University of Wisconsin in collaborations 

with Dr. Philip P. Cohen and Drs. James A. ft and Elizabeth C. Miller, and con¬ 
tinued at the Lankenau Hospital Research Institute and Institute for Cancer 
. Research, have substantiated and extended this "protein deletion hypothesis.” 

■ , We found that a close pair of small electrophoretic components (labeled h^ and 

l^), consisting of the relatively basic proteins among the soluble proteins of 
rat liver, contain the bulk of the soluble protein-carcinogen derivatives 
'during szo dye preneoplasia (3). In contrast to the preneoplastic liver and 
liver surrounding azo-dye-induced tumors, this ”h” jncirtskxsxZkaxaiBfxxkiisxixaxks* 

. fraction is almost absent in the tumors themselves and their distant metastaees 
, (4). The presence of protein-bound szo dyes in preneoplastic livers and liver nxx 

surrounding azo-dye-induced tumors parallels ths presence of ”h” proteins thereini f 
while the lack of ”h” proteins in tumors parallels the absence of protein-bound 
azo dyes in these tumors* The reduction in size of the ”h” component appears to f 
be associated with neoplasia itself, rather than rate of growth, se.of the 
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(continued) 



tumors* tinea regenerating livar and liver of the fasted rat bbth closely 
resemble alectrophoratically the liver of tha normal stock rat (5)* - 

Interestingly* a varioty of unrelated tumors (e*g** 2-acetyloninofluorene- 
induced liver tumor* a number of transplanted tumors* one human tumor 
thus far) electrophoretlcAlly exhibit a similar deficiency in the amount 
of the "h" proteins (4)* In addition, this similarity exists among a 
number of tumors investigated by others (e.g.* fibrosarcomas induced by 
methycholanthrene and benzpyrene (6).) 



' At the Lankenau Hospital Research Institute and Institute for 
Cancer Research, we have been extending our study of these *h" proteins* 

Using a new technique (7), we have isolated a major ultracentrifugal 
class of soluble liver proteins and found that the major share of the ' 

soluble proteln-bSQnd dyes is present therein (8). In addition* new 
v methods and principles of electrophoretic fractionation have been . . , 

y developed (9,10) which have been applied to the isolation of the "h* , ' P.() 

proteins* Essentially by these techniques In unpublished studies* we - 

have isolated the hi and h2 proteins* Interestingly, both hi and h£ - , 

- have proteinpbound dyes* This may be interpreted to fit the observed ' J 

1 fact that bqth types of proteins are almost lacking in the azo-dye- (• 

induced tumor. Some physical and chemical properties of these proteins , 

have been investigated* These findings are now being preparod for - ‘ 

publication (11)* We plan to extend our physical and chemical studies , 

of these proteins obtained from rats fed control and various azo dyes of 
differing carcinogenicities in order to attempt to shod additional light 
on the mechanism of azo dye carcinogenesis, in particular, and thyfiature 
of the malignant transformation, in gxiocs general* Thus, if these cell 
proteins are representative of specific targets in CKxsjciwg«MS carcinogenesis, v 
they may likewise be involved in the presumptive carcinogenic action of . v 
certain fractions of tobacco smoke* 
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